INTRODUCTION
============

Residual foreign bodies in extremities after penetrating, lacerating, or crush injuries are commonly encountered. The history of the injury and physical examination of the extremity can provide information, but is usually insufficient. If a residual foreign body is suspected, radiographic visualization is necessary; conventional X-rays, ultrasonography (US), computerized tomography (CT), and magnetic resonance imaging (MRI) can be used to obtain visual images of the foreign bodies. Radiopaque objects can be easily diagnosed with X-rays. One study found that diagnosis was missed by the initial treating physician in ٣٨% of patients. Metal was visible in all of the radiographic images, glass in 96%, and wood in just 15%.^[@B1]^Delayed diagnosis can lead to pain, soft tissue infection, delayed and damaged wound healing, and abscess formation. Additionally, delayed surgery can lead to increased neurovascular injury, blood loss, wider surgical incision, and iatrogenic complications.

Ultrasound evaluation does not expose patients to ionized radiation and is highly sensitive to detecting foreign bodies with different densities. It is also more cost effective compared to CT and MRI.^[@B2],[@B3]^

This study included patients who sought treatment at our clinic for complaints of residual wooden foreign bodies. We aimed to show that ultrasonography is an effective tool for localizing and measuring the depth and size of wooden foreign bodies in order to perform less invasive and easier surgery.

MATERIALS AND METHODS
=====================

A total of 15 patients (6 male and 9 female) who presented with foreign body penetration in 2016 were evaluated retrospectively. The study was approved in advance by the institutional review board (2016-KAEK-51) and all patients signed an informed consent form. The injured side, material and location of the foreign body, presentation time after injury, length, width and depth of the foreign body, WBC, CRP and erythrocyte sedimentation rate at the time of admission, size of the incision, duration of surgery and complications were all evaluated. ([Table 1](#t1){ref-type="table"})

Table 1Sample data. AgeSexLocationDepth of objectLength of objectWidth of objectTime of admissionSymptomsWBCESRCRP158MR sole of the foot16 mm10 mm2 mm18^th^ dayPain8.4725226FR sole of the foot5 mm6 mm1 mm5^th^ dayPain6.75123327MR sole of the foot10 mm14 mm2 mm30^th^ dayPain, drainage7.53149468FL leg30 mm50 mm20 mm42^nd^ dayPain, drainage7.82856537ML sole of the foot14 mm8 mm3 mm24^th^ dayPain, swelling, redness9.45162665 yMR hand5 mm10 mm2 mm28^th^ dayPain, drainage8.34262752FR leg23 mm51 mm19 mm16^th^ dayPain, drainage7.55188855MR leg7 mm12 mm3 mm7^th^ dayPain6.6261934FR hand5 mm5mm2 mm1^st^ dayPain7.83811021FL sole of the foot4 mm6 mm2 mm2^nd^ dayPain8.21011158FR hand5 mm4 mm2 mm10^th^ dayPain6.792031221FL sole of the foot8 mm6 mm2 mm35^th^ dayPain, swelling9.172861345MR hand4 mm10 mm3 mm12^th^ dayPain, swelling6.941211432FR sole of the foot5 mm22 mm3 mm1^st^ dayPain7.881011516FR sole of the foot12 mm28 mm2 mm1^st^ dayPain6.18163[^4]

When the penetrating object was wooden and non-palpable or could not be observed superficially, patients underwent US imaging instead of X-ray, MRI, or CT. Wooden particles are visualized brightly in US, and the adjacent reactive inflammatory tissue is visualized as a hypoechoic region. ([Figure 1B](#f01){ref-type="fig"}) A radiologist measured the length, width, depth, and longitudinal axis of the particles and marked the most superficial point of this axis on the skin. ([Figure 1C](#f01){ref-type="fig"}) The radiologist also informed the surgeon about possible adjacent neurovascular structures. Patients were vaccinated against tetanus if more than 5 years had passed since previous vaccination. A first-generation cephalosporin was administered to all patients and all operations were performed under spinal or local anesthesia.

Figure 1A. Extracted foreign body B. Ultrasound image of wooden foreign body C. Longitudinal axis of foreign body marked on the skin by the radiologist.

Fluoroscopy was not used in any of the cases. An incision was made over the marked skin and foreign bodies were easily accessed. ([Figure 1A](#f01){ref-type="fig"}) In cases where infection was seen, soft tissue debridement was also performed and irrigated with 0.9% saline solution. Only one dose of cephalosporin was administered postoperatively when the case was not infected; in the other cases, antibiotic therapy was stopped after the clinical and laboratory findings returned to normal.

RESULTS
=======

Mean patient age was 39.66 (range: 6 to 68). In total, 8 of the foreign bodies were in the plantar surfaces of the foot, 3 were in the cruris, 2 were in the palm of the hand, and 2 were in the fingers. The duration between injury and admission to the clinic was 1 day for 3 patients, 2--10 days in 4 patients, 11--30 days in 6 patients, and 31--45 days in 2 patients. All patients admitted to the clinic complained of pain; additionally, 4 patients reported drainage, and 3 patients reported redness and swelling. The mean WBC on admission was 7.70 (range: 6.18 to 9.45), mean sedimentation rate was 20.4 (range: 6 to 85), and mean CRP was 3.26 (range 1 to 9).

The mean length of the foreign bodies was 16.13 mm (range: 4 to 51), the mean width was 4.53 mm (range: 1 to 20 mm), and the mean depth was 10.2 mm (range: 4 to 30 mm). Surgical incisions were shorter than 1 cm in 8 cases, 1--2 cm in 5 cases, and 2--3 cm in 2 cases. The procedure lasted less than 10 mins in 13 (87%) of cases and 10--20 mins in 2 cases. Complications were not observed in any of the patients. In 4 infected cases, 11 (range: 10 to 14) days of antibiotic therapy was required.

DISCUSSION
==========

Penetrating foreign body injuries to the extremities can be caused by various materials such as metals, glass, wood, or plastic objects. Radiologic visualization is required unless the residual material is palpable or can be seen from the outside. Conventional X-rays are useful for detecting metal and radiopaque materials, but are not sufficient to visualize radiolucent objects such as wood particles. One study including 200 patients found that X-ray could only detect 15% of wood particles.^[@B1]^ Ultrasound should therefore be the first option in penetrant injuries caused by wooden materials.^[@B4]-[@B7]^A recent meta-analysis found that US has 72% sensitivity and 92% specificity for identifying foreign bodies in soft tissues.^[@B8]^ Wooden materials are visualized as hyperechoic regions in US, and the adjacent soft tissue appears as hypoechoic due to reactive inflammation.^[@B5],[@B9]^ ([Figure 1B](#f01){ref-type="fig"}) US can effectively measure the length, width, thickness and depth of wood objects.^[@B9]^In our study, we were able to localize and measure the size of the particles in all cases. A cadaver study indicated that 3cc saline injection around foreign bodies can increase the sensitivity and specificity of US, although the authors were not able to detect a statistically significant increase.^[@B10]^

Leaving residual foreign bodies or partially extracting them can lead to persistent pain, cellulitis, abscess formation, septic arthritis, osteomyelitis, necrotizing fasciitis, pseudotumor, and swelling.^[@B11]-[@B16]^ In order to extract foreign bodies, extended incisions over the entry point are possible, but are prone to serious risks and complications such as migration of the foreign bodies and residual fragmentation.^[@B17]-[@B19]^ Furthermore, extended dissection can cause further damage to adjacent soft tissue. A retrospective study in which all patients underwent surgery according to local physical examination found failure to completely extract radiolucent foreign bodies and persistent local infection in 2 patients.^[@B17]^ Consequently, preoperative evaluation of the length, width, depth, and number of objects with US and marking the skin along the long axis of the foreign bodies is essential in order to reduce incision length, procedure duration and most importantly, avoid leaving foreign bodies in the soft tissues.

Authors performing surgeries due to local inflammatory findings state that US depends on the individual radiologist.^[@B4],[@B17]^ However, detection of wooden objects using US is a simple method that does not require further specialization. In one study, 10 nurses who received 2 hours of US training were able to detect wooden foreign bodies with 95% sensitivity.^[@B20]^

Some authors suggest extracting foreign bodies with US in the operating room.^[@B4],[@B21]^ However, we believe that if preoperative evaluation is effectively performed, intra-operative US is not necessary; we did not require US assistance in any of our cases.

In our case series, the feet (53.33%) and hands (26.6%) were the most affected parts of the body, since they are open to external penetrant injuries. This finding is similar to other case series in the literature.^[@B17]^

The rough and organic structure of wooden particles provides a favorable environment for germs to reproduce.^[@B22]^ Metal objects can remain in tissues without causing any complications, but wooden particles can cause infections and consequently should be extracted. One study in the literature described a wooden particle becoming symptomatic after 8 years.^[@B11]^ In our case, the latest admission was 42 days after injury. Pain was observed in all our patients as an indicator of inflammation. Only 4 of the patients had elevated CRP levels which may have indicated infection. The mean time of admission after injury was 15.46 days, while in these 4 cases with elevated CRP levels, the mean time was 30.75 days. At the time of surgery, infected tissues such as abscesses were seen around the foreign particles in these 4 cases, demonstrating that each day which passes after trauma increases the likelihood of infection. All of these 4 cases were successfully treated by debridement of the adjacent soft tissues and oral antibiotic therapy.

This study has some weak points, namely the limited number of cases and retrospective nature. A prospective study could compare preoperative and postoperative findings, such as the diameters of foreign bodies measured by the US and the diameters of the extracted materials. Further prospective randomized controlled cadaver and animal studies can be performed to investigate the detection of different-sized wooden objects at different depths by US.

Retained foreign bodies are usually referred to orthopedic surgeons because of the workload in emergency and radiology departments; consequently, this topic must be dealt with by orthopedic surgeons from a legal perspective. The number of medical lawsuits is constantly increasing, and neglected foreign bodies can represent legal risk since these cases can present with delayed pain, swelling, drainage and loss of function in the extremity.^[@B23],[@B24]^ One study in the United States revealed that 32 (59%) of 54 lawsuits against physicians related to wounds in a hospital emergency department in Massachusetts involved neglected foreign bodies in the extremities.^[@B24]^

Consequently, we recommend that patients should be informed of possible risk including the retention of foreign bodies despite surgery, and informed consent should be obtained before surgery. We also recommend meticulous preoperative planning and marking of the location of radiolucent foreign bodies with US to increase the success of the surgery.

CONCLUSION
==========

Retained foreign bodies can lead to local infections; ultrasound evaluation and marking can be used preoperatively to diagnose, identify, and localize foreign bodies in the extremities.
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